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Additional data -isomerization
When the isomerization of substrate 1b was investigated in the presence of only catalytic amounts (1 mM) of methyl acceptor 2b and crude enzyme preparation (cell-free extract, CFE) was used, complete reduction of the aldehyde to the corresponding alcohol was observed (supporting Table S1 ). Reaction conditions: substrate (10 mM, 1.5 mg/mL), methyl acceptor 2b (1 mM, 0.14 mg/mL), MTase I (40 mg/mL freeze-dried cell-free extract CFE), CP (400 µL/mL reconstituted solution, 67 mg/mL CFE), activation system (4.19 mM Ti III citrate and 0.3 mM methyl viologen) in MOPS buffer (50 mM, pH 6.5, 150 mM KCl) at 30 °C, 800 rpm in an Eppendorf Orbital Shaker (1.5 mL).
b)
Substrate ratios determined at the beginning of the reaction (0 h) by HPLC-UV from areas of m-1b and p-1b using calibration curves. c) Product ratios obtained by aldehyde reduction were determined after 24 h by HPLC-UV from areas of m-1c and p-1c using calibration curves.
Following this reaction over time (supporting Figure S1a) showed that formation of methylated products m-1b and p-1b went along with simultaneous reduction to the corresponding alcohols m-1c and p-1c. Since no by-product formation was observed at all when the reaction was carried out with purified enzymes (data not shown), it was concluded that an alcohol dehydrogenase present in the crude E. coli extract might be responsible for the depletion of the aldehyde products. It can be assumed that reduction prevailed the occurring methyl transfer as soon as the demethylation reaction reached its equilibrium (at around 50% conv.) and ceased. This was confirmed by the fact that aldehyde reduction was taking place only to a minimal extent, when the reaction equilibrium of the reversible methyl transfer was pushed towards demethylation by employing an excess of methyl acceptor 2b (supporting Figure S1b) . Interestingly, while demethylation ended at 50% conversion in the former case, an internal methyl transfer reaction still proceeded between the alcohol isomers m-1c and p-1c. Albeit aldehydes m-1b and p-1b have been formed in the beginning of the reaction with a ratio of 70/30, the alcohols were present as an equimolar mixture in the end. When the isomerization study with respect to 1b was performed in the absence of enzyme, substrate ratios remained constant over time (Table  S2) . aldehyde reduction caused by E. coli CFE occurred. The altered isomer ratios for obtained alcohol products m-and p-1c indicated an isomerization reaction. (B) When methyl acceptor 2b was present in a 5-fold excess to push demethylation b) , product isomers m-1b and p-1b were obtained with an average ratio of 75/25 without significant by-product formation. a) Reactions conditions: substrate guaiacol 1e (10 mM, 1.2 mg/mL) and acceptor 2b (10 mM, 1.4 mg/mL), MTase I (freeze-dried CFE, 40 mg/mL), CP (400 µL/mL reconstituted solution, 67 mg/mL CFE) in MOPS/KOH buffer (50 mM, pH 6.5, 150 mM KCl) at 30 °C, 800 rpm for 24 h. Reaction conditions according to a) with a 5-fold molar excess of 2b (50 mM, 7 mg/mL). Conversions were determined after indicated time points by HPLC-UV from areas of 1e and its demethylated product catechol 2e using calibration curves. Product ratios were determined similarly from HPLC areas of m-1b, p-1b, m-1c and p-1c using calibration curves. Reaction conditions: substrate (10 mM, 1.5 mg/mL), methyl acceptor 2b (1 mM, 0.14 mg/mL), activation system (4.19 mM Ti III citrate and 0.3 mM methyl viologen) in MOPS buffer (50 mM, pH 6.5, 150 mM KCl) at 30 °C, 800 rpm in an Eppendorf Orbital Shaker (1.5 mL). b) Ratios were determined after 24 h by HPLC-UV from areas of m-1b and p-1b using calibration curves.
In order to ascertain the interaction of aldehyde reduction and alcohol isomerization, control reactions were performed separately for all substrate isomers in the absence of methyl acceptor (Table S3) . With purified enzymes (entry 1-4) no reduction of m-1b and p-1b was observed and thus, can be attributed to the crude extract of E. coli. However, minor amounts of isomerization product were detected primarily in the case of the para-methoxy isomers of 1b and 1c, indicating the presence of residual components of CFE in the purified enzyme preparation which might act as intermediate acceptors for apparent intramolecular methyl transfer. Control reactions with only MTase I present as CFE showed reduction to the respective alcohol, whereas no isomerized products were observed at all (entry 5-6). Indeed, reduction and isomerization are catalyzed independently from each other and the latter one requires presence of the full MTase system (MTase I + CP) from D. hafniense in order to be conducted. No transformation at all was observed in the absence of enzymes (entry 9-12). MTase I (13 mg/mL freeze-dried pure enzyme) and CP (400 µL/mL reconstituted solution, 22 mg/mL freeze-dried pure enzyme). c) MTase I (40 mg/mL freeze-dried CFE. When the isomerization study with respect to substrate 1d was performed with purified enzymes, no formation of 3-2d was observed and hence isomerization was significantly decelerated (Table S4) . Nevertheless, it can be assumed that the purified enzyme preparation still contained some ingredients of the E. coli extract, which served as intermediate acceptor for the isomerization. While 20% of substrate 2,3-1d were isomerized to the 2,6-disubstituted phenol after an extended reaction time of 142 h, only minor amounts (~1%) of 2,6-1d were converted to 2,3-1d the other way round. Reactions conditions: substrate 1d (10 mM, 1.5 mg/mL), MTase I (13 mg/mL freeze-dried pure enzyme), CP (400 µL/mL reconstituted holo-CP solution, 22 mg/mL freeze-dried pure enzyme), activation system (4.19 mM Ti III citrate and 0.3 mM methyl viologen) in MOPS buffer (50 mM, pH 6.5, 150 mM KCl) at 30 °C, 800 rpm in an Eppendorf Orbital Shaker (1.5 mL).
Product ratios were determined after indicated time points by HPLC-UV from areas of 2,6-1d and 2,3-1d using calibration curves.
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Experimental section Analytical methods
For determination of conversion biotransformation samples were analyzed by HPLC (Agilent 1260 Infinity system equipped with an UV detector) using an achiral C18 column (Phenomenex, Luna, C18 100c, 250x4.6mm, 5mm) . H2O/MeCN (0.1% TFA) was utilized as mobile phase with a flow rate of 1 mL/min. Used methods are summarized in Table S5 ). Compounds were detected by UV-absorption and peaks were identified by co-injection of commercially bought reference material. Methods were developed according to the used substrate in order to enable proper separation of substrate, co-substrate (methyl donor/acceptor), product and (de)methylated donor/acceptor and are summarized in Table S5 . Conversions were quantified by means of calibration curves determined for all substrates tand the corresponding products (general calibration curves of substrate isomers 1a are shown in Figure S2 ). The obtained slope of linear correlation (k-value) and retention times (tR) of the respective compounds are summarized in Table S6 . absorbance was measured at λ= 210 nm; n.d. = not determined Figure S3 . HPLC chromatogram of biocatalytic isomerization of a vanillin/isovanillin mixture (m-1b/p-1b=50/50) using an excess of 3,4-dihydroxybenzaldehyde 2b (50 mM) as methyl acceptor (entry 3 in Table 1 , main text). Figure S4 . HPLC chromatogram of biocatalytic isomerization of a vanillin/isovanillin mixture (m-1b/p-1b=50/50) using catalytic amounts of 3,4-dihydroxybenzaldehyde 2b (1 mM) as intermediate methyl acceptor (entry 1 in Table 2 , main text). Table 2 , main text) after 24 hours (A), 48 hours (B) and 7 days (C). Figure S10. HPLC chromatogram of biocatalytic demethylation of 2,6-dimethoxyphenol 2,6-1d using 3,4-dihydroxybenzaldehyde 2b as methyl acceptor (see Figure 2b in the main text).
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